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‘‘ The Recovery of Residual  Products from Goal-Gas 
during  the Process of Purification.” 

By WILLIAM FOULIS, M. Inst. C.E. 

The  impurities removed from crude  coal-gas during  the process of 
purification have, almost without exception,  a commercial value ; 
and it is  the  duty of the  gas engineer so to  design  the  apparatus 
and to conduct the  purifying operations that no saleable impurity 
may be  lost, but  that  all  may be recovered in a form to  yield the 
highest value. The importance of this subject to  the  gas manu- 
facturer is best shown by  the  statement  that  the  amount derived 
from the  impurities removed from coal-gas during  the process of 
purification, which were a t  one time  thrown  away  or destroyed  as 
having no value, is, in  this  country alone, not less than 51,500,000 
per  annum ; consequently they  are no longer considered merely as 
impurities necessary to he removed, but as  residual  products, 
which i t  is one of the aims of the  gas  manufacturer to  obtain. 

The  residual products or  impurities  which  have a commercial 
value  may be briefly described as  the  liquid hydro-carbons and 
the nitrogenous compounds ; perhaps also there  may be  included 
with these the  sulphur recovered when oxide of iron  is used for 
purification. In  this  note  the nitrogenous compounds only can be 
referred to, of which  the most import.ant is ammonia. I n  his 
Presidential Address in 1896 to  the  Institution of Gas Engineers 
the  Author pointed out  that, of the  total  amount of nitrogen  in  the 
coal used in gas manufacture, only  about l 5  per  cent.  was evolved 
in  the form of ammonia, and  that more than 50 per cent. of the 
remainder was left  in  the  coke;  whilst  in  other methods of 
carbonising, more especially in  shale-oil retorts, a t  least double 
the  quantity of ammonia is obtained. 

I n  1897 a Paper  was read before the  Institution of Civil 
Engineers on the Mond gas-producer, in  which it is stated 
(page 192) that  in  this method of gas production there is obtained 
a quantity of ammonia equivalent  to 90 lbs. of sulphate of 
ammonia  per ton of coal, a quantity four  times greater  than  that 

Engineering, vol. Ixvii. pp. 807  end  832; The  Journal of Gas  Lighting, 
vol.  lxxiii. p. 1554. 

* Incorporated Institution of Gas Engineers, 1896, vol. vi. pp. 27 an d 28. 
Proceedings 1897, vol. cxxix. p. 190. 
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obtained in  most gasworks. Whether  similar  results  are to be 
got in  the  ordinary process of gas manufaoture may be doubtful ; 
but  something  may be done to recover at  least a portion of the 
ammonia  which is a t  present lost. The method of heating  retorts 
by  gas  generated  in a central producer and conducted in flues to 
the  retort benches is almost certain  to  be  extensively adopted in 
the  near  future. Already practical experiments on a large scale 
have been made a t  several  works with  highly  encouraging results. 
The Author’s experience  leads him to  believe that complete success 
awaits  only  the overcoming of certain  minor difficulties, which do 
not  appear formidable. This method of heating possesses many 
advantages,  which it is unnecessary  now to refer  to ; not  the  least 
of them  is  that  it would then be possible to recover the  nitrogen 
in  the form of ammonia from a large proportion of the coke. A 
modification of the gas-producer devised by Dr. Mond would 
probably  be adopted ; and  after condensation and  scrubbing,  the 
gas would  be  stored in holders  for distribution  under  constant 
pressure to  the  retort  settings. 

In his Address above  referred to, the  Author  has pointed out 
(page 29) that  about 0.027 per cent. of the  nitrogen was  evolved 
as cyanogen. The recovery of this  impurity  has of late  years 
become of considerable importance to the  gas engineer, more 
especially  as the use of cyanide  for,  the recovery of gold from 
refractory ores has so enormously  increased the demand for both 
cyanide of potassium and  cyanide of sodium. When crude gas  is 
passed through moist oxide of iron, it combines with a  portion of 
the  iron,  forming a ferro-cyanide. This  is  perhaps  the  simplest 
method of recovering  the  cyanogen;  but it is also the  least satis- 
factory, because it is almost impossible by this means to recover 
the whole of the cyanogen, or even any definite percentage of it, 
and also because of the  large mass of material  that  has  to be dealt 
with  in  order  to  obtain  the comparatively small  quantity of ferro- 
cyanide. 

There  are  at  present  two methods in  practical  operation a t  
different gasworks  for the  direct recovery of cyanogen from crude 
coal-gas. In the one  method  a solution of an  iron  salt,  usually 
sulphate of iron,  is  run  into  an  ordinary  rotary ammonia  scrubber- 
washer ; the  result is the  formation of a ferro-cyanide of ammo- 
nium, an  unstable compound which  has no commercial value. 
The  liquor from the  scrubber is afterwards  treated  for  the 
recovery of the ammonia, and also of the cyanogen in  the form 
either of Prussian blue,  or-of the ferro-cyanide of potash or soda. 
The  Author  has no practical knowledge of this process or of the 
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results  obtained;  but  he believes that  the cyanogen in  the  crude 
gas produced from about 1,000,000 tons of coal per  annum is 
recovered more or less completely by  this method. 

The  other process for the  direct recovery of cyanogen  from 
crude coal-gas is  that adopted by  the  Author,  which  may be 
briefly described as follows. Scrap-iron is dissolved in hydro- 
chloric  acid, forming a  chloride of iron. The  latter is afterwards 
treated  with carbonate of soda, whereby carbonate of iron  is pre- 
cipitated  in a fine state of subdivision. This  precipitate is added 
to  a  solution of carbonate of soda in proper proportions, and  the 
two  are mixed by  stirring  in a vessel fitted  with a mechanical 
stirrer.  The  mixture  is  then  run  into a  scrubber so constructed 
that  it is kept in a constant  state of agitation, so as  to prevent 
the  iron depositing. It is not necessary here  to  enter  into  the 
various chemical  changes that  take place when  crude coal-gas, 
from which  all  trace of ammonia has been removed, is passed 
through  the  scrubber  containing  .this  mixture. It is sufficient  to 
state  that  the  ultimate  result is a  solution of ferro-cyanide of 
soda, together  with a small percentage of insoluble ferro-cyanide, 
the  amount of which depends on the efficiency of the  apparatus to 
maintain  the  iron  in suspension in  equal  quantities  throughout 
the  liquid. By this  means  the whole of the cyanogen may  be 
recovered from the crude coal-gas, the  amount recovered being 
usually  equivalent  to 4 lbs. of ferro-cyanide of soda per  ton of coal 
carbonized. The  mixture of carbonate of iron  and soda is run in 
at  the  outlet  end of the scrubber, and flows onward to  the  inlet 
end. When  the percentage of free  alkali  in  the ferro-cyanide 
liquor at  the  inlet end of the scrubber has been reduced to  as 
low a point as possible-usually about 8 per cent. of the  total 
alkali used-it is run off. The  liquor  containing  the soluble and 
insoluble ferro-cyanide may  then be allowed to  settle;  and  the 
clear portion  may  be run off, evaporated, and crystallized. The 
insoluble  ferro-cyanide may be recovered in a  soluble form by 
adding  caustic  alkali. As the ferro-cyanide liquor  usually contains 
a certain  quantity of tarry  matter, it is  preferred  to evaporate the 
whole to a dry cake, which can be afterwards dissolved and  treated 
as above described. 
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